Study Design. Cross-sectional. Objective. To describe physical activity level and fracture rates in adults with idiopathic scoliosis, diagnosed before maturity, and to compare with a control group. Summary of Background Data. A previous study found a lower level of sporting activities in adults treated for idiopathic scoliosis compared with controls. Other studies have shown a lower bone mass in adults with idiopathic scoliosis compared with controls. Methods. One thousand two hundred seventy-eight adults (aged 18-71 yr) with idiopathic scoliosis and 214 controls (aged 18 -70 yr) were included and answered the International Physical Activity Questionnaire -Short Form (IPAQ-SF) and questions about previous fractures. The three scoliosis treatment groups (untreated n ¼ 360, brace n ¼ 460, and surgically treated n ¼ 458) were compared. Furthermore, a comparison based on onset (juvenile n ¼ 169 or adolescent n ¼ 976) was performed. Achieved weekly moderate activity level and metabolic equivalent task (MET) minutes/week were assessed for patients and controls. Statistical comparisons were made with analysis of covariance with adjustments for age, body mass index, and sex. Results. The proportion achieving weekly moderate activity level was 962 out of 1278 for individuals with idiopathic scoliosis (75%) and 157 out of 214 (73%) for controls (P ¼ 0.40). The scoliosis patients reported 2016 MET-minutes/week (median value) and the controls 2456 (P ¼ 0.06). Fracture rates did not differ (P ¼ 0.72). Fewer surgically treated individuals achieved moderate activity level (P ¼ 0.046) compared with the untreated and the previously braced individuals. No difference was seen regarding MET-minutes/week (P ¼ 0.86). No differences were seen between individuals with a juvenile onset compared with individuals with an adolescent onset (all P ! 0.05). Conclusion. Adults with idiopathic scoliosis have similar physical activity level and do not sustain more fractures compared with controls. Adults with surgically treated idiopathic scoliosis have slightly lower physical activity level than previously braced and untreated patients. Onset of idiopathic scoliosis does not affect physical activity level.
I diopathic scoliosis is a three dimensional spinal deformity affecting approximately 3% of otherwise healthy children and adolescents. 1 Treatment for scoliosis, such as bracing and surgery, does restrict motion 2, 3 that consequently may have a negative impact on physical activity and might therefore also affect bone health. It has on the other hand been reported that surgical intervention improves gait at short-term followup. 4, 5 There are few previous studies on general physical activity after completed treatment and reported results are conflicting. A previous study reported lower sporting activities in scoliosis patients compared with controls several years after treatment, mainly due to back pain and functional disturbance. 6 Another study did not find any significant differences toward a control group for previously braced or operated scoliosis patients. 7 These studies however reported physical activity in general and did not explore the type of activities or the proper time or energy expenditure consumed.
Osteopenia has been reported to be more frequent in adolescents with idiopathic scoliosis compared to controls. 8, 9 It is however not clear whether osteopenia is a primary or secondary issue in individuals with idiopathic scoliosis. A previous study has shown that adult women (braced and untreated, mean age 26 yr and 24 yr respectively) with adolescent idiopathic scoliosis have lower bone mineral content compared to healthy controls, 10 which suggests that osteopenia in idiopathic scoliosis patients is also frequent in adulthood. The effect of physical activity on bone health is substantial during adulthood after bone mass has peaked. 11, 12 Weight-bearing activities enhance mechanisms stimulating osteogenesis both in immature individuals and in skeletally mature individuals. [13] [14] [15] Weight-bearing physical activity and high-impact activities have probably largest impact on bone health but also general activity has a positive effect. 16, 17 The aims of this study were (A) to compare physical activity level between adults with idiopathic scoliosis and controls, (B) to compare fracture rates between adults with idiopathic scoliosis and controls, and (C) to compare physical activity level within the scoliosis cohort based on previous treatment and onset of scoliosis.
MATERIALS AND METHODS
This study has a cross-sectional design and comprises 1278 adults with idiopathic scoliosis and 214 controls. Data is collected from the Scoliosis and Genetics study in Scandinavia (ScoliGeneS) and details of the scoliosis cohort have been published elsewhere. 3, 18, 19 
Individuals With Scoliosis
Previously treated or observed individuals with idiopathic scoliosis, diagnosed during the growth period, have been included from six Swedish orthopaedic departments (Karolinska University Hospital, Sahlgrenska University Hospital, Skå ne University Hospital, Sundsvall County Hospital, Umeå University Hospital, and Linkö ping University Hospital). Study participants answered a questionnaire survey between 2010 and June 1, 2015. A flow chart of the study participants is shown in Figure 1 .
The individuals with scoliosis have been treated before maturity in accordance with the general principles of the time being. Bracing was recommended in curves ranging from 25 to 508 in the 1960s and the 1970s, except in lumbar curves, where bracing started between 25 and 608. After that, bracing was offered in individuals with curves between 25 and 458 and remaining growth. Surgical intervention was indicated in larger curves if significant growth remained and progression was expected. In the final study cohort, 360 individuals with scoliosis were untreated, 460 brace treated, and 458 surgically treated. Median years (25th, 75th percentile) from surgery to answering the survey was 18.9 (6.7, 35.1) years and from brace cessation to survey 27.4 (18.2, 33.2) years. A number of 169 individuals with idiopathic scoliosis had a juvenile onset (diagnosis at or between 4 and 9 yr of age) and 976 individuals had an adolescent onset (diagnosis at or between 10 and 17 yr). In the remaining 133 individuals age of onset was not recorded but they were all diagnosed between 4 and 17 years of age.
Individuals Without Scoliosis
Controls were recruited randomly using the Swedish population registry and were intended to represent all ages between 18 and 70. A flow chart of the controls is shown in Figure 2 .
The controls were not examined but answered an item regarding the presence of scoliosis. There were five individuals who reported scoliosis in the questionnaire and to assure the validity of the statement we contacted the individuals by telephone. Three of these had undergone a spine radiograph showing scoliosis and were excluded from the study.
Questionnaire
To assess physical activity, individuals answered the International Physical Activity Questionnaire-short form (IPAQ-SF). 20 The questionnaire asks individuals to recall how much vigorous, moderate, and walking activities they performed during the last 7 days. Management of data was performed according to the IPAQ committees' recommendations. 21 
Achieving Weekly Moderate Activity
The primary outcome measure was established by categorizing the individuals based on whether they achieved at least moderate activity level during the last 7 days or not. To be categorized as an achiever of moderate activity, individuals needed to fulfill one of the following three criteria: 3 or more days of vigorous activity of at least 20 minutes per day, 5 or more days of moderate-intensity activity and/or walking of at least 30 minutes per day, or 5 or more days of any combination of walking, moderate-intensity, or vigorousintensity activities accumulating at least 600 metabolic equivalent of task-minutes (MET-minutes) per week. 21 
Energy Expenditure
Time spent in each activity level, i.e., of vigorous activity, moderate activity, or walking is multiplied with MET. MET values have been previously derived to 8.0 for vigorous intensity, 4.0 for moderate intensity, and 3.3 for walking. 21, 22 By multiplying the MET value with number of days and minutes performed, the weekly amount of each activity level can be calculated and expressed as METminutes. By adding MET-minutes per week for each activity level, total MET-minutes per week can then be computed.
Other Outcome Measures
IPAQ-SF included an item asking for the time spent sitting. An additional item asked about individuals' spare time activity level. Individuals categorized their spare time activity level during the last 12 months into one of four different activity levels. This question was dichotomized into low (''spending spare time mostly sedentary'' and ''light exercise at least 2 h per week'') vs. high activity (moderate exercise once to twice per week, at least 30 min per session'' and ''moderate exercise at least three times per week, at least 30 min per session''). The individuals answered an additional item concerning participation in current exercise or competitive sporting activities. This item was answered yes or no. Specific sporting activities were not addressed.
Anthropometrics
Height and weight were self-assessed by the individuals and body mass index (BMI) was calculated.
Fractures
A self-assessed question on previously sustained fractures was included in the questionnaire. Individuals were asked to specify how many and what type of fracture/s they had sustained. Fractures were not objectively verified.
Radiology
The last available radiograph of the spine was collected from routine clinical examinations (3). Median (25th, 75th percentile) curve size, as measured by Cobb 23 , was for untreated 238 (15, 32) , for braced 308 (24, 38) , and for the surgically treated individuals 298 (20, 38) . The number of fused vertebra was 9 (8, 10) for the surgically treated. Most commonly, caudal fusion was extended to L2.
Statistics
Descriptive data is presented as median (25th, 75th percentile) or number (%). The distribution of continuous variables was checked by visual estimation. MET minutes/week was skewed and a more normal distribution was achieved after logarithmical transformation, and the transformed variable was therefore used in the statistical analyses. For comparisons, analysis of covariance (ANCOVA) was used. Adjustments were made for age, sex, and BMI where both age and BMI were used as continuous variables and the corresponding P value was presented. The groups of surgically treated individuals with idiopathic scoliosis and previously braced individuals were dichotomized according to median time elapsed from surgery or brace cessation for comparison of physical activity level. We compared the surgically treated patients based on the extent of fusion, extending to and including L2 or below L2. A P value of less than 0.05 was considered significant. 
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RESULTS
Demographical and Clinical Background Data in Controls and Individuals With Idiopathic Scoliosis
The individuals with scoliosis comprised more females, were younger, and had a lower BMI compared with controls (all P <0.001) ( Table 1) .
Activity Level
There was no difference between the two groups regarding proportion achieving moderate activity level (P ¼ 0.40), MET-minutes/wk (P ¼ 0.06), spare time activity level (P ¼ 0.26), or the presence of exercise or competitive sporting activities (P ¼ 0.94). The controls spent less time sitting compared with the individuals with scoliosis (P ¼ 0.02) ( Table 2 ). When comparing intensity levels between the groups no difference was seen in either vigorous activities (P ¼ 0.21), moderate activities (P ¼ 0.14), or walking (P ¼ 0.24) ( Table 2 ).
Fracture Incidence
There was no difference in the proportion of individuals with scoliosis and controls that had sustained a fracture or fractures of the vertebrae, hip, distal radius, or proximal humerus, i.e., those that traditionally are considered to be of osteoporotic origin (Table 1) .
Comparison Between Scoliosis Subgroups
Descriptive data for the subgroups of scoliosis treatment and onset of idiopathic scoliosis is shown in Tables 3 and  4 , respectively.
Surgically treated individuals with idiopathic scoliosis achieved less moderate activity compared to the braced and untreated individuals (P ¼ 0.046) ( Table 5 ). Fewer surgically treated performed more intense activities during spare time (P ¼ 0.036) and they also participated less in exercise or competitive sporting activities compared to the braced and untreated individuals with scoliosis (P ¼ 0.003) ( Table 5) .
Further comparisons were made for the surgically treated individuals. Those with a follow-up period of less than 18.9 years were performing more vigorous activities than those with a follow-up period of 18.9 years or longer (P ¼ 0.043). Individuals with idiopathic scoliosis fused to L2 or more cranially showed higher participation rate in exercise or competitive sporting activities compared to those fused caudally to L2 (P ¼ 0.007). All other variables for both subgroup analyses did not differ (all P >0.05).
The elapsed time from brace cessation until the current survey (less or more than 27.4 yr) did not affect physical activity level in the group of braced individuals (all P!0.05). Comparison between individuals with a juvenile or an adolescent onset did not differ in any variable (all P!0.05; analyses adjusted for age).
DISCUSSION
Adults with idiopathic scoliosis have similar physical activity level several years after treatment as adults without scoliosis. The number of sustained fractures did not differ between the groups. Comparing treatment groups within the idiopathic scoliosis population, surgically treated individuals had a slightly lower activity level than braced and untreated individuals. Onset of scoliosis did not affect physical activity level.
In contrast with our findings, Parsch et al 6 suggested lower sporting activities in adults with idiopathic scoliosis compared to controls, despite similar number of years from treatment until investigation in both studies. The study by Parsch et al 6 included 59 braced and surgically treated scoliosis patients mean 22 years after treatment. Our study comprised a much larger sample size, including untreated individuals and compared both sporting activities but also general physical activity. The discrepancy between the study by Parsch et al and the present study might also be explained by the different questionnaires used.
In the present study, individuals with idiopathic scoliosis had a higher participation rate in sporting activities than controls but accumulated less MET-minutes/wk, these differences did however not reach statistical significance. In combination with the other outcome variables, this study therefore suggests no difference in physical activity, powered by a large sample size in both groups.
We found no difference in physical activity level with regard to onset. Individuals with a juvenile onset have not been subjected as frequently in studies as individuals with an adolescent scoliosis. In addition, a previous study from our group indicated no difference in back problems comprising the activity level when comparing juvenile and adolescent onset. 3 Surgically treated individuals had a slightly lower activity level than previously braced and untreated individuals. In previous studies concerning physical activity level after surgery, no decrease has been reported due to surgery. 7 One previous study comparing sporting activities between braced individuals and surgically treated individuals did not show any difference between the groups at a mean of 22 years after treatment. 6 The extent of fusion in the surgically treated individuals affected participation in sporting activities. The individuals fused caudally to L2 participated significantly less in sporting activities compared to those fused to L2 or more cranially. A previous study supporting this finding showed that fusion to L3 resulted in significantly decreased spinal motion compared with fusion to L1 or L2 in adolescents, 1 year postoperatively. 24 Others have also reported a decrease in spinal motion, the further caudally a fusion extends in the lumbar spine. 25, 26 Previous studies have shown a higher prevalence of osteopenia in individuals with scoliosis compared to controls. 8, 9 Osteopenia could possibly increase fracture risk. In the present study, we found that the individuals with scoliosis do not sustain more fractures than the controls did. However, the vast majority of fractures are seen after the age of 50. 27 Whether fracture risk after the age of 50 is increased or not in patients with idiopathic scoliosis cannot be concluded from the current study design, since our individuals with idiopathic scoliosis had a median age of 42.5 years.
The questionnaire used in this study, the IPAQ-SF, has been compared to other questionnaires, accelerometers, and general fitness. Validation in different populations has been conducted and reports suggest this questionnaire as a good tool for surveillance of physical activity. Limitations are that subjects easily overestimate physical activity and that the questionnaire does not assess specific types of activities.
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Strengths and Limitations
A great strength of this study is the large number of individuals with idiopathic scoliosis. We also had a good response rate, especially for the individuals with idiopathic scoliosis (71%) but also for the control group (51%). In addition, we have used a validated questionnaire, providing detailed information of physical activity. This has not been reported previously for this patient group and the long-term results are of special interest in this patient group, treated at a very young age or during adolescence.
Another strength of our study is that it comprises individuals with idiopathic scoliosis that were treated with either brace or surgery, but also includes a large group of untreated individuals for comparison. Furthermore, we compared individuals with a juvenile onset to individuals with an adolescent onset. Besides that, a control group was also collected for comparison toward the general population, further strengthening the value of the results.
The cross-sectional design of this study however limits the conclusions to descriptive findings of physical activity level. Our controls and individuals with idiopathic scoliosis were not matched on sex. Even though we adjusted for sex differences statistically, it would be preferable to have an equal amount of males and females in both groups.
Age differed between the scoliosis treatment groups, and age and BMI differed between the individuals with scoliosis and the controls. There are various ways to adjust for these differences. One would be to study subgroups within the same age or BMI-span. However, we believe this would have decreased the statistical power, and therefore chose to use BMI and age as covariates in the statistical analyses instead.
Fracture rates were self-assessed. It is likely that this slightly underestimates the true fracture rate compared to the addition of radiological data. 27 Nevertheless, we have no reason to believe that cases and controls would be different in their ability to assess their previous fractures.
CONCLUSION
There does not seem to be any difference in physical activity or sustained fractures between adults with idiopathic scoliosis and controls. Surgically treated individuals have slightly lower activity level than braced and untreated individuals with scoliosis. Onset of idiopathic scoliosis does not seem to affect physical activity level in adulthood. 
